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Roman Pabayo, PhD, Alexandre D. P. Chiavegatto Filho, PhD, Maria Lúcia Lebrão, PhD, and Ichiro Kawachi, MD, PhD The distribution of incomes in society has been hypothesized to influence a population's health status. 1 Unequal societies tend to have a greater number of people in poverty who lack access to resources (e.g., health care and preventive measures) to achieve good health. Unequal conditions are also more apt to generate invidious social comparisons that lead to frustration and stress. 2 A more contentious claim made by a growing number of researchers is that unequal societies are damaging to the health of everybody-the poor as well as the comfortably well-off. 1 The putative mechanism for this effect is that income inequality erodes social solidarity. Reduced social cohesion in turn hampers a society's ability to provide for many kinds of public goods, such as education, health care, and public health infrastructure. 3 For example, when the wealthiest members of society begin to purchase education for their children through private means, or purchase their health care through private channels, there is a corresponding clamor to cut taxes on the rich (since they are no longer benefiting from subscribing to the publicly financed system). Falling tax revenues eventually lead to reduced social spending and declining quality of public institutions for the rest of society.
Although the detailed mechanisms through which growing inequality harms society need to be sketched out more fully, considerable evidence has accumulated on the association between income inequality and the health of individuals. Multilevel analyses have demonstrated that there is an excess risk of morbidity and mortality associated with living in a society with high levels of income inequality, even after adjustment for the confounding effects of individual income. 4 In other words, there appears to be a contextual influence of income inequality on the health of individuals, over and above their personal socioeconomic circumstances.
Kondo et al. 5 conducted a meta-analysis of all multilevel studies linking income distribution to health, which included 9 longitudinal studies and 18 cross-sectional studies. In the pooled analysis of the prospective cohort studies, the authors reported that each 0.05unit increment in the Gini index (a summary measure of income inequality) was associated with a 7.8% excess risk of all-cause mortality. Nonetheless, data remain sparse from Latin America, where the degree of income inequality is among the highest in the world. Previous studies have looked at the association between income inequality and health in Chile 6 and Brazil, 7,8 but these have been cross-sectional or ecological. In addition, debate continues concerning what kinds of individuals are most vulnerable to the harmful effects of income inequality. In the US National Longitudinal Mortality Study, 9 the association between higher income inequality and increased mortality risk was shown only among working-age individuals; among older individuals ( > 65 years), there was no such association.
We address 2 gaps in the literature. We provide a longitudinal test of the association between community-level income inequality and mortality in São Paulo, Brazil, a country with one of the highest degrees of income inequality in the world. We also provide a test of the income inequality hypothesis in a predominantly elderly population.
METHODS
Data for this analysis come from the Health, Well-Being, and Aging (SABE) survey. In 2000, a sample of community-dwelling older adults ( ‡ 60 years) in the city of São Paulo was recruited to participate in a retrospective cohort study. The SABE is a multicenter study implemented by the Pan-American Health Organization. The study's overall objective was to investigate the living and health conditions Objectives. We determined whether community-level income inequality was associated with mortality among a cohort of older adults in Sã o Paulo, Brazil.
Methods. We analyzed the Health, Well-Being, and Aging (SABE) survey, a sample of community-dwelling older adults in Sã o Paulo (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) . We used survival analysis to examine the relationship between income inequality and risk for mortality among older individuals living in 49 districts of Sã o Paulo.
Results. Compared with individuals living in the most equal districts (lowest Gini quintile), rates of mortality were higher for those living in the second (adjusted hazard ratio [AHR] = 1.44, 95% confidence interval [CI] = 0.87, 2.41), third (AHR = 1.96, 95% CI = 1.20, 3.20), fourth (AHR = 1.34, 95% CI = 0.81, 2.20), and fifth quintile (AHR = 1.74, 95% CI = 1.10, 2.74). When we imputed missing data and used poststratification weights, the adjusted hazard ratios for quintiles 2 through 5 were 1.72 (95% CI = 1.13, 2.63), 1.41 (95% CI = 0.99, 2.05), 1.13 (95% = 0.75, 1.70) and 1.30 (95% CI = 0.90, 1.89), respectively.
Conclusions. We did not find a dose-response relationship between area-level income inequality and mortality. Our findings could be consistent with either a threshold association of income inequality and mortality or little overall association. (Am J Public Health. 2013;103:e43-e49. doi:10.2105/AJPH.2013. 301496) of older adults in 7 cities in Latin America and the Caribbean: Bridgetown, Barbados; Buenos Aires, Argentina; Mexico City, Mexico; Havana, Cuba; Montevideo, Uruguay; São Paulo; and Santiago, Chile. The São Paulo version of the SABE was the only one to continue as a longitudinal study.
The SABE study has been previously described. 10 Briefly, the sample consisted of 2143 community-dwelling older adults living in the urban area of São Paulo who were followed from 2000 to 2007. Participants were selected by clustered sampling. An initial sample of 72 census tracts from the Municipality of São Paulo was chosen by the probability-proportionalto-size approach. The first random sample was composed of 1568 older men and women combined with another random sample of 575 elders taken from a pool of older men and women aged 75 years or older. The respondents were nested within 49 districts (average of 43.7 individuals per district). To offset the higher mortality rate in older men, men were oversampled.
Inclusion criteria were participation in the SABE survey in 2000 and availability of information for all variables. Of the sample, complete data were available for 1024 participants, or 47.8% of the original sample. Information on income and education was missing for 421 and 514 participants, respectively. Those with missing data were more likely to be female. We also did not have the date of death for 89 participants who died; these people were less likely to be female but were more likely to be older than 70 years. In addition, 379 participants, or 17.7% of the sample, were lost to follow-up; these people were more likely to be female, to be aged 65 to 70 years, to have lower income, and to have a high school or a form of postsecondary education.
Study Population
São Paulo, Brazil's largest metropolitan center, has a population of 10.3 million and comprises 31 subprefectures. 11 These subprefectures are divided into 96 districts (average population = 107 697), which may contain 1 or more neighborhoods, or bairros. São Paulo is characterized by social, racial, and economic disparities. 12 Although the Brazilian Government has legislated income redistribution policies in the form of progressive taxes, Brazil has a Gini coefficient of 0.51, which is higher than the figure for the United States and China. 13 
Study Variables
Trained health professionals conducted household interviews to collect sociodemographic data, which included gender, age, income (reported in Brazilian reals), and education. Investigators verified the date of death of a participant using the Mortality Information System of the Municipality of São Paulo.
To measure inequality, we used the Gini coefficient, which has a theoretical range of 0 (perfect equality, where every household earns exactly the same income) to 1.0 (perfect inequality, where households earn a diverse range of incomes). Calculation of the Gini coefficient has been described elsewhere. 14 Briefly, the Gini coefficient is based on the Lorenz curve, a cumulative frequency curve that compares the distribution of a specific variable with the uniform distribution that represents equality. 14 In the current analysis, we calculated the Gini coefficient in each of the 49 districts using 2000 census data. The mean, median, and standard deviation of the Gini across the 49 districts were 0.27, 0.25, and 0.07, respectively. We then used the distribution of the Gini coefficients to categorize the districts into first (£ 0.20), second (0.20---0.23), third (0.23---0.27), fourth (0.27---0.32), and fifth ( > 0.32) quintiles.
Data Analysis
We matched deaths to state and municipal death records by analyzing name, address, gender, and date of birth. We first calculated cumulative incidence and incidence rates (person-years) of deaths and then stratified analyses by district Gini quintile.
We modeled time to death in Cox proportional hazard regressions. The first model identified the crude relationship between district Gini quintile and risk for mortality. We conducted a second regression model that included only the individual characteristics. We then conducted multiple Cox proportional hazard regression, controlling for gender, age, income, and education. We used Kaplan---Meier curves to test the proportional hazard assumption, which resulted in graphs with parallel curves. Because the participants were clustered within districts, the assumption that individuals are independent from each other could not be made. Therefore, we conducted clustered survival analysis, using the SAS PROC PHREG procedure (SAS Institute, Cary, NC) with the robust sandwich estimate option. 15 We also tested an interaction term, Gini · income, to determine whether the effect of income inequality differed between highand low-income participants, but the results (not reported) were insignificant.
Because 835 participants were missing education or income information, we used multiple imputations to replace these missing data, which resulted in a total sample size of 1675 (78.2% of the original sample). We performed multiple imputations of data as described elsewhere. 16 Briefly, we imputed missing values within 5 copies of the data set. We then used survival analyses to fit the model of interest to each of the imputed data sets. Next, we averaged estimates to obtain overall estimated associations. 16 We then repeated the survival analyses, as described in the previous paragraph, to determine whether consistent results were obtained.
All responses to the SABE survey were weighted to account for the fact that the survey was developed to generate representative data of the city but not at the district level. We developed poststratification weights to adjust for the extent to which participants may not have been representative of the districts in which they lived. Further explanation of how these weights were determined has been provided elsewhere. 17 Older age and being male were the characteristics most correlated with mortality. We therefore developed poststratification weights based on the distribution of the age and gender of survey respondents. We then used these weights to adjust the risk for mortality in the SABE study (using the weight procedure in SAS).
We also examined alternative specifications of the Gini coefficient and repeated the analyses described earlier in this section. Because the Gini coefficient was not normally distributed, we used z transformation to standardize the values into z scores and examined the coefficient as a continuous variable. We also created a dichotomous split using the 20th percentile of the Gini coefficient as the threshold value.
RESULTS
Characteristics of the sample with completecase, multiply imputed, and poststratification weighted data are shown in Table 1 . More than half of the sample was female (n = 551; 53.8%) and the average age was 73.4 years (SD = 8.2). We obtained similar descriptive statistics using weighted data, with the exception of gender. Of the weighted sample participants, more than half were male. Features of the 5 district Gini quintiles are presented in Table 2 ; for quintiles 1 through 5, the mean Gini coefficient was 0.19, 0.22, 0.25, 0.30, and 0.38, respectively.
In the sample using complete-case data, the average follow-up was 5.15 person-years. Total cumulative incidence of death during followup was 31.7% (n = 325). When stratified by district Gini quintile, the cumulative incidence of death in quintiles 1 through 5 was 15.1% (n = 49), 16.6% (n = 54), 23.1% (n = 75), 20.9% (n = 68), and 24.3% (n = 79), respectively. The mortality rate of the total sample was 0.064 deaths per person-year. When stratified by district Gini quintile, the mortality rate for quintiles 1 through 5 was 0.051, 0.060, 0.083, 0.055, and 0.074 person-years, respectively.
Results of the survival analyses are shown in Table 3 . Compared with those living in the first Gini quintile, those in the second (adjusted hazard ratio [AHR] = 1.44; 95% confidence interval [CI] = 0.87, 2.41), third (AHR = 1.96; 95% CI = 1.20, 3.20), fourth (AHR = 1.34; 95% = 0.81,2.20), and fifth (AHR = 1.74; 95% CI = 1.10,2.74) quintiles were more likely to die. We did not observe a dose--response relationship between Gini quintile and mortality risk.
When we conducted analyses using the sample with imputed data, hazard estimates differed (Table 3 ). In multiple regression analyses of imputed data, compared with those living in the first Gini quintile, those living in quintiles 2 through 5 had adjusted hazard ratios of mortality of 1.53 (95% CI = 0.98, 2.41), 1.58 (95% CI = 1.06, 2.38), 1.16 (95% = 0.73, 1.85), and 1.36 (95% CI = 0.91, 2.04), respectively. When we applied the poststratification weights to the imputed data, the adjusted hazard ratios of mortality (relative to the lowest Gini quintile) were 1.72 (95% CI = 1.13, 2.63), 1.41 (95% CI = 0.99, 2.05), 1.13 (95% CI = 0.75, 1.70), and 1.30 (95% CI = 0.90, 1.89) in quintiles 2 through 5, respectively (Table 3 ). In summary, our analyses of 3 sets of data-the complete-case data, the multiply imputed data, and the data set with both multiple imputations and poststratification weights-indicated elevated hazard ratios for mortality in all of the districts beyond the reference group (the areas with Gini values below 0.2). There was no dose---response relationship between Gini values and mortality risk. Our data could be interpreted either as indicating a threshold effect for Gini values of 0.2 or as evidence of little overall association between income inequality and mortality.
When we treated the Gini coefficient as a continuous variable, we found no significant relationship between income inequality and risk for mortality. When we used 0.20 as the cutoff to dichotomize Gini coefficient values, among the complete-case group, those living in districts with higher inequality were at significantly increased risk of mortality (AHR = 1.61; 95% CI = 1.05, 2.46) compared with those in low-inequality districts. We obtained marginally significant hazard ratio estimates for those in the districts with higher inequality among the multiply imputed samples (AHR = 1.39; 95% CI = 0.94, 2.05) and weighted samples (AHR = 1.36; 95% CI = 0.95, 1.95).
DISCUSSION
In this study based on a sample of elderly city dwellers in São Paulo, Brazil, we found mixed evidence for the hypothesis that income inequality is detrimental to health. Compared with participants living in districts in the first Gini quintile (with least inequality), those living in other district quintiles were at greater risk for mortality. However, we failed to demonstrate a dose---response gradient between Gini values and mortality risk. The empirical results from our study appear to support the possibility of a threshold effect of income inequality on risk for mortality above Gini levels of about 0.20. On the other hand, the absence of a monotonic relationship between income inequality and mortality could be interpreted as being consistent with no overall association. We conducted analyses using complete-case, multiply imputed, and poststratification weighted data. Although there were differences between the 3 sets of analyses (e.g., the estimated hazard ratios for specific Gini categories were or were not statistically significant depending on the data set), the overall conclusions are similar: (1) the point estimates for hazard ratios of mortality were higher in the upper Gini quintiles than in the lowest quintile (which had the least inequality), and (2) there was no dose---response gradient between Gini quintiles and mortality hazard.
A recent study using SABE data found that income inequality was associated with an increased likelihood of reporting poor self-rated health. 17 In that study, there was a monotonic, dose---response relationship between districtlevel Gini coefficient and the odds of reporting poor self-rated health. Another recent investigation identified an inverse association between life expectancy and Gini index among the 27 Brazilian states, 8 which is at variance with our findings. A potential explanation is the geographic scale examined in the 2 studies. Rasella et al. 8 used the states as the unit of analysis, whereas we used the smaller districts in 1 city of Brazil.
Our use of districts as the area-level unit might therefore explain the lack of a statistically significant association between income inequality and mortality in our study. Previous studies investigating the relationship between area-level income inequality and mortality have tended to use larger area units, such as municipalities, counties, states, or even nations. 5 In US studies, for example, the correlation between income inequality and health has been found to be more robust at large spatial units (states, metropolitan areas) than at lower levels of aggregation (counties, census tracts). 4 A possible reason for this discrepancy is that at small scales, households tend to become more similar with respect to income because of economic residential segregation (i.e., households in middle-class neighborhoods resemble each other in terms of their income; similarly, households in high-poverty neighborhoods are equally poor). Nonetheless, smaller area units are more proximal to individuals and therefore smaller spatial scales might be more relevant for social cohesion and other health outcomes.
Most studies of income inequality and mortality have not attempted to incorporate lag effects, or to simultaneously control for a series of preceding income inequalities. Studies that have addressed this issue suggest that income inequality may exert its peak influence on population health up to a decade following exposure to income inequality. 18 Using 1986---2004 US National Health Interview Survey data with 1986---2006 mortality follow-up data (n = 701179), 19 researchers investigated the lagged effects of national-level income inequality on individual mortality risk by using a discrete-time hazard model where contemporaneous and preceding income inequalities were treated as time-varying person-specific covariates. The study suggested that income inequality did not have an instantaneous effect on individual mortality risk, but began exerting its influence 5 years later. The association peaked at 7 years and then diminished after 12 years. A limitation of the present study is that we did not have information on the exposure of individuals to preceding levels of income inequality. However, given that the average follow-up was 5.16 person-years in our study, we may have underestimated the impact of income inequality on mortality risk.
Although we found evidence of a relationship between greater inequality and mortality among the elderly, previous research is limited. In the US National Longitudinal Mortality Study, among those aged 25 to 64 years, state-level income inequality was associated with a 40% excess in state-level mortality rates (95% CI = 26%, 56%) for men and a 14% excess (95% CI = 3%, 27%) for women. 9 However, no such relationship was found for men or women older than 65 years. Similarly, another study in Norway found a significant positive association between area-level income inequality and mortality only among men and women aged 26 to 66 years. 20 Researchers in the United States, studying individuals aged 18 to 74 years at baseline, found that those living in high-inequality states were at higher risk of mortality than those living in lowinequality states. 21 A possible explanation for the diminution of the association between income inequality and mortality at older ages in the United States is that Social Security and .59
Note. AHR = adjusted hazard ratio; CI = confidence interval. a Low and high refer to below and above the median proportion living in poverty.
Medicare play a protective role in shoring up the financial security (and health care access) of retirement-age individuals. Both programs (originating in Lyndon Johnson's War on Poverty) have played a substantial role in reducing the level of poverty among the elderly in the United States. Another explanation may be mortality selection: people living in areas with higher levels of inequality are more likely to die at an earlier age-thus leaving a more robust older population-compared with people living in areas with lower levels of inequality.
Limitations
A number of additional limitations need to be acknowledged. The large loss to follow-up (17.7%) may have introduced bias, especially in the context of a study where one third of the participants died during the follow-up period. The direction of the bias is likely to be conservative-that is, toward underestimating the mortality hazard in the communities with the highest Gini coefficients. The reason is that the communities with higher Gini coefficients had a higher proportion of residents living below the poverty threshold, and the poor were more likely to be lost to follow-up (AHR = 1.44; 95% CI = 1.29, 1.61) and to be at higher risk for mortality (AHR = 1.11; 95% CI = 1.01, 1.22) . This type of differential dropout and loss to follow-up may account for the flat dose--response we found between levels of community income inequality and mortality risk. We also lacked information on specific causes of death, so we were unable to conduct a cause-specific analysis of Gini coefficient and mortality risk. A previous ecological analysis of income inequality and mortality in São Paulo suggests that more unequal districts have significantly higher mortality from homicide, ischemic heart disease, HIV/AIDS, and respiratory illnesses. 7 Another limitation is that we did not have a history of how long the residents lived in their district; in other words, the length of exposure to the degree of income inequality was not measured. Similarly, there was no indication of whether participants moved in or out of districts, and therefore we could not measure any change of exposure to income inequality during follow-up. Finally, we used a convenience sample of the districts of São Paulo, and therefore estimates were not representative of the entire city. However, as described in the "Data Analysis" section, we used poststratification weighting to make the sample more representative of the districts in which the participants resided.
The average Gini coefficient across the districts was well below the Gini coefficient of São Paulo. One reason for this is that people from similar income backgrounds tend to cluster together within a district. 22 In addition, district boundaries may have been created to keep slums or poorer areas together in one district, while keeping wealthier ones in the same district, resulting in greater equality. 7 Another possible reason is that wealthier residents might be underreporting their income as a tax-dodging tactic or through fear of violence.
The strengths of this study include a large sample size; the use of longitudinal analysis, which allowed us to establish temporality; the variability of inequality among the São Paulo districts; and the availability of individual data on death as opposed to a self-reported outcome.
Conclusions
To our knowledge, this is one of the first studies in Latin America to address the longitudinal relationship between area-level income inequality and risk for mortality, above and beyond the effects of individual covariates such as age, gender, household income, and education. Future research should include looking at similar small-area units within developed nations such as the United States. In addition, a better understanding of the mechanisms by which income inequality leads to a greater risk for mortality among individuals is warranted. Caution must be used in interpreting the results because the risk of death resulting from increasing district income inequality was not consistent among complete-case data, multiply imputed data, and poststratification weighted data. Nonetheless, our results indicate that redistribution of wealth to create more equitable societies-such as by raising the minimum wage or improving the personal socioeconomic circumstances of the most vulnerable groups in society-represents an important strategy for improving population health. j
